Imaging calcium dynamics in the nervous system by means of ballistic delivery of indicators.
The use of fluorescence-based calcium indicators has, over the years, unraveled important calcium-dependent mechanisms underlying neuronal function and development. However, difficulties associated with the loading of calcium indicators have limited their widespread use, particularly for the study of neuronal processing in the adult nervous system. Here, we show that in the central and peripheral nervous systems, populations of neurons and their processes, including dendritic spines and filopodia, can be labeled rapidly and efficiently by delivering calcium indicator-coated particles using a 'gene gun'. Importantly, neuronal labeling occurred both in vitro and in vivo, and across a wide range of ages and preparations. The labeled cells demonstrate spontaneous and evoked calcium transients, indicating that particle-mediated delivery is not deleterious to neuronal function. Furthermore, unlike loading with patch pipettes, cytoplasmic content is preserved following ballistic loading. This enables the study of calcium-dependent second messenger pathways without loss of signaling components. The ballistic delivery of calcium indicators thus opens up many new avenues for further exploration of the structure and function of the nervous system from single spines to neuronal networks.